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Abstract In this study, we present CCD UBV pho-
tometry of poorly studied open star clusters, Dolidze 36,
NGC6728, NGC6800, NGC 7209, and Platais 1, lo-
cated in the first and second Galactic quadrants. Obser-
vations were obtained with T100, the 1-m telescope of
the TU¨BI˙TAK National Observatory. Using photomet-
ric data, we determined several astrophysical parame-
ters such as reddening, distance, metallicity and ages
and from them, initial mass functions, integrated mag-
nitudes and colours. We took into account the proper
motions of the observed stars to calculate the member-
ship probabilities. The colour excesses and metallic-
ities were determined independently using two-colour
diagrams. After obtaining the colour excesses of the
clusters Dolidze 36, NGC6728, NGC 6800, NGC 7209,
and Platais 1 as 0.19 ± 0.06, 0.15 ± 0.05, 0.32 ± 0.05,
0.12 ± 0.04, and 0.43 ± 0.06 mag, respectively, the
metallicities are found to be 0.00 ± 0.09, 0.02 ± 0.11,
0.03 ± 0.07, 0.01 ± 0.08, and 0.01 ± 0.08 dex, respec-
tively. Furthermore, using these parameters, distance
moduli and age of the clusters were also calculated from
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2colour-magnitude diagrams simultaneously using PAR-
SEC theoretical models. The distances to the clus-
ters Dolidze 36, NGC6728, NGC6800, NGC 7209, and
Platais 1 are 1050±90, 1610±190, 1210±150, 1060±90,
and 1710 ± 250 pc, respectively, while corresponding
ages are 400± 100, 750± 150, 400± 100, 600± 100, and
175± 50 Myr, respectively. Our results are compatible
with those found in previous studies. The mass function
of each cluster is derived. The slopes of the mass func-
tions of the open clusters range from 1.31 to 1.58, which
are in agreement with Salpeter’s initial mass function.
We also found integrated absolute magnitudes varying
from -4.08 to -3.40 for the clusters.
Keywords Galaxy: open cluster and associations: in-
dividual: Dolidze 36, NGC 6728, NGC 6800, NGC 7209,
Platais 1 – stars: Hertzsprung Russell (HR) diagram
1 Introduction
Open star clusters are important tools to study Galactic
chemical composition and structure, dynamical evolu-
tion and star formation processes in the Galaxy. Since
their members are formed within a few millions years si-
multaneously from the same molecular cloud, they are
almost at the same age and distance with compara-
ble chemical composition, but different stellar masses.
Hence, open clusters give us great opportunity to de-
termine structural and astrophysical parameters of a
group of stars such as reddening, distance, metallicity,
age, and then mass function, integrated magnitudes and
colours.
In this context, we studied CCD UBV stellar pho-
tometry of five open clusters (Dolidze 36, NGC6728,
NGC6800, NGC7209, and Platais 1, see Table 1) lo-
cated in the first and second Galactic quadrants and
investigated their basic astrophysical parameters (red-
dening, distance, metallicity and age) as well as ini-
tial mass functions, integrated magnitudes and colours
in detail. We used the technique that is based on the
analysis of the two-colour diagrams (TCDs) and colour-
magnitude diagrams (CMDs) of member stars of the
clusters (cf. Bica et al. 2006; Yontan et al. 2015)
CCD UBV photometry of most of the clusters in
our sample have not been examined closely in previ-
ous studies. We present physical parameters of the five
open clusters inferred in previous studies from the lit-
erature to date in Table 1. Our paper is organized as
follows. We briefly define the observations and reduc-
tions in Section 2. We then give the CMDs of the five
open clusters and the membership probabilities of the
stars in the respective fields in Section 3. We obtain
the astrophysical parameters of each cluster in Section
4 and summarize our conclusions in Section 5.


Fig. 1 Inverse coloured V -band images of five open clusters
taken with T100 telescope. The field of view is about 21×21
arcmin (North top and East left).
3Table 1 Galactic coordinates (l, b), colour excesses (E(B − V )), distance moduli (µV ), distances (d), iron abundance
([Fe/H]), and age (t) collected from the literature for five open clusters under investigation. The references are given in the
last column.
Cluster l b E(B − V ) µV d [Fe/H] log t References
(o) (o) (mag) (mag) (pc) (dex)
Dolidze 36 77.66 +5.98 0.22 10.45 900 – 8.83 Kharchenko et al. (2005)
0.19±0.06 10.70±0.19 1050±90 0.00±0.09 8.60±0.10 This study
NGC6728 25.76 −5.70 0.15 10.47 1000 – 8.93 Kharchenko et al. (2005)
0.15±0.05 11.50±0.25 1610±190 0.02±0.11 8.88±0.08 This study
NGC6800 59.23 +3.95 0.40 11.29 1025 – 8.40 Ananjevskaja et al. (2015)
0.40 11.24 1000 – 8.59 Kharchenko et al. (2005)
0.32±0.05 11.40±0.26 1210±150 0.03±0.07 8.60±0.10 This study
NGC7209 95.50 −7.34 0.16 10.83 1167 – 8.65 Kharchenko et al. (2005)
0.171 10.60±0.06 1026±30 -0.07±0.03 8.65 Vansevicius et al. (1997)
0.173 — 1095 – 8.48 Malysheva (1997)
0.17 10.75 1140 0.07±0.05 – Twarog et al. (1997)
0.15±0.04 10.25 900 -0.01±0.11 8.48 Claria et al. (1996); Lynga (1987)
0.15 – 900 -0.12 8.48 Piatti et al. (1995); Lynga (1987)
0.12±0.04 10.50±0.18 1060±90 0.01±0.08 8.78±0.07 This study
Platais 1 92.56 −1.65 0.43±0.02 12.30±0.02 1568±13 – 8.04-8.28 Turner et al. (1994)
0.43±0.06 12.50±0.29 1710±250 0.01±0.08 8.24±0.11 This study
Table 2 Log of observations with dates and exposure times for each passband. N refers to the number of exposure.
Filter / (Exposure Time (s) ×N)
Cluster Observation Date U B V
Dolidze 36 17.08.2012 90×3, 360×3 5×3, 60×3 3×3, 30×4
NGC 6728 19.07.2012 3×3, 60×1, 120×2 0.6×3, 1×1, 25×4 0.25×3, 7×3
NGC 6800 20.07.2012 90×3, 360×3 5×3, 60×3 3×3, 30×2
NGC 7209 16.08.2012 60×3, 360×3 5×3, 60×3 2×3, 20×3
Platais 1 08.08.2013 60×3 4×3 2×4
2 Observations
CCD UBV observations of the five open clusters were
performed with the 1-m Ritchey-Chre´tien telescope
(T100) of the TU¨BI˙TAK National Observatory (TUG)1
located in Turkey. Inverse coloured V -band images of
the clusters are given in Fig. 1. Each frame contains an
integrated image of the largest exposure obtained.
Cluster images were taken using a Spectral Instru-
ments (SI 1100) CCD camera operating at −90oC. The
camera is equipped with a back illuminated 4k×4k pix-
els CCD, with a pixel scale of 0.′′31 pixel−1, result-
ing in an unvignetted field of view of about 21′ × 21′.
The readout noise and the gain of the CCD camera
is 4.19 e− and 0.55 e−/ADU, respectively. In order
to be sensitive to the widest possible flux range, dif-
ferent exposure times were used during the observa-
tions. A log of observations is given in Table 2. Due
to poor seeing it was not possible to use long exposure
data of Platais 1. IRAF2, PyRAF3 and astrometry.net4
1www.tug.tubitak.gov.tr
2IRAF is distributed by the National Optical Astronomy Obser-
vatories
3PyRAF is a product of the Space Telescope Science Institute,
which is operated by AURA for NASA
4http://astrometry.net
(Lang et al. 2010) routines were used together with our
own scripts for CCD calibrations as well as the astro-
metric corrections of the images. In order to determine
atmospheric extinction and transformation coefficients
for each night, we observed several star fields contain-
ing more than one Landolt (2009)’s standard stars. We
took three images per band for each field and some fields
could be observed several times. Details of the obser-
vations are given in Table 3. Instrumental magnitudes
of the standard stars were measured with the aperture
photometry packages of IRAF while brightness of the
objects in cluster fields were obtained with Source Ex-
tractor and PSF Extractor routines (Bertin & Arnouts
1996). Applying multiple linear fits to the instrumen-
tal magnitudes of the standard stars, we obtained the
photometric extinction and transformation coefficients
for each night. We list the extinction coefficients and
transformation coefficients for the individual nights in
Table 4. After the application of aperture correction to
instrumental magnitudes, stellar magnitudes were ob-
tained with transformation equations given in previous
studies (Janes & Hoq 2013; Yontan et al. 2015).
4Table 3 Observations of Landolt (2009)’s standard star fields, Field name (Field), number of stars (Nst), number of
pointings to the fields (Nobs), airmass range for all fields (Xrange) are given.
Date Field Nst Nobs Xrange
PG1530+057 3 1
PG2213-006 7 1
SA110 10 1
19.07.2012 SA111 5 1 1.184 - 2.571
SA112 6 10
SA113 15 1
SA114 5 1
20.07.2012 PG1530+057 3 1 1.183 - 2.612
SA110 10 1
SA111 5 1
SA112 6 5
F24 4 1
G93 5 11
PG1633+099 8 1
PG2213-006 7 1
16.08.2012 SA108 2 1 1.164 - 3.196
SA110 10 1
SA112 6 1
SA92 6 1
SA93 4 1
F24 4 1
G93 5 15
PG1633+099 8 1
PG2213-006 7 1
17.08.2012 SA108 2 1 1.182 - 2.889
SA110 10 1
SA112 6 1
SA92 6 1
SA93 4 1
F11 3 1
G93 5 2
GD246 4 1
PG2213-006 7 1
08.08.2013 SA107 7 1 1.153 - 2.466
SA111 5 1
SA112 6 6
SA113 15 1
SA114 5 1
SA92 21 1
Table 4 Derived transformation and extinction coefficients. k and k
′
are primary and secondary extinction coefficients,
respectively, while α and C are transformation coefficients.
Obs. Time 19.07.2012
Indice k k
′
α C
U 0.472 ± 0.031 -0.019 ± 0.033 – –
B 0.326 ± 0.024 -0.057 ± 0.025 0.992 ± 0.038 0.745 ± 0.036
V 0.189 ± 0.007 – – –
U − B – – 0.861 ± 0.050 3.143 ± 0.046
B − V – – 0.077 ± 0.011 0.799 ± 0.017
Obs. Time 20.07.2012
U 0.559 ± 0.033 -0.002 ± 0.035 – –
B 0.392 ± 0.011 -0.037 ± 0.011 0.936 ± 0.018 0.786 ± 0.017
V 0.235 ± 0.002 – – –
U − B – – 0.813 ± 0.056 3.190 ± 0.054
B − V – – 0.051 ± 0.003 0.838 ± 0.005
Obs. Time 16.08.2012
U 0.678 ± 0.030 -0.023 ± 0.067 – –
B 0.525 ± 0.050 -0.246 ± 0.079 1.254 ± 0.105 0.550 ± 0.067
V 0.242 ± 0.007 – – –
U − B – – 0.836 ± 0.093 3.041 ± 0.043
B − V – – 0.084 ± 0.011 0.779 ± 0.016
Obs. Time 17.08.2012
U 0.365 ± 0.026 0.216 ± 0.041 – –
B 0.270 ± 0.041 0.002 ± 0.051 0.918 ± 0.066 0.890 ± 0.054
V 0.166 ± 0.004 – – –
U − B – – 0.537 ± 0.055 3.453 ± 0.034
B − V – – 0.081 ± 0.011 0.879 ± 0.015
Obs. Time 08.08.2013
U 0.397 ± 0.014 0.007 ± 0.018 – –
B 0.240 ± 0.014 -0.041 ± 0.015 0.972 ± 0.024 0.481 ± 0.021
V 0.118 ± 0.003 – – –
U − B – – 0.840 ± 0.027 2.893 ± 0.020
B − V – – 0.070 ± 0.003 0.538 ± 0.005
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Fig. 2 Histograms of the V -band magnitudes measured
for five clusters. Photometric completeness limits of the
data are 19 mag for Dolidze 36, NGC6728, NGC6800, and
NGC7209, and 17 mag for Platais 1.
3 Data Analysis
3.1 Photometry of the detected objects
We constructed catalogues including all the sources in
the field of view of five open clusters. All photometric
catalogues of the open clusters are given electronically.
In these catalogues, we present equatorial coordinates,
apparent magnitude (V ), colours (U−B, B−V ), proper
motion components (µα cos δ, µδ; Roeser et al. 2010)
and the probability of membership (P ), respectively.
We listed mean errors of the measurements in the
V band, and U − B and B − V colours in the selected
apparent V magnitude ranges in Table 5. Errors at
brighter ranges (mostly V < 17 mag) are relatively
small however, they increase exponentially towards
fainter objects. To calculate the precise astrophysical
parameters of the clusters, it is important to know the
photometric completeness limit of the data. In order
to determine this limit, we composed histograms of V
magnitudes for each cluster (given in Fig. 2). Modes
of the distribution of V magnitudes vary from 17 to
19 for the clusters used in this study. Platais 1 has a
brighter limit of 17 mag since we took into account only
observations with short exposure times. Only the cal-
culations including stars brighter than the found com-
pleteness limits will be able to offer reliable results in
the determination of the astrophysical parameters of
the clusters.
Dolidze 36 was observed within the scope of the
Sloan Digital Sky Survey (SDSS; York et al. 2000). In
order to figure out reliability of our photometry we
compared UBV observations with those calculated from
SDSS. A cross-match of our catalogue of Dolidze 36
with SDSS Data Release 12 (DR12, Alam et al. 2015)
resulted in 370 stars. V magnitudes of these common
stars are ranging between 14 and 19 because SDSS pho-
tometry aims towards faint stars. We used relations of
Chonis & Gaskell (2008) to transform ugrizmagnitudes
to UBV. We show the comparison of observational and
calculated V magnitude and U−B and B−V colours in
Fig. 3. We obtained means and standard deviations of
the magnitude and the colours from the differences as
∆V =0.088, σV =0.086, ∆U−B =0.140, σU−B =0.191
and ∆B−V =–0.048, σB−V =0.079 mag. It is seen that
zero points between the two systems for V and B − V
are usually small with very small standard deviations
while they are somewhat larger for U − B. This large
scattering in U −B may arise from errors in the trans-
formation since it is considered that the equations of
Chonis & Gaskell (2008) do not take into account pop-
ulation types of the stars (Bilir et al. 2008, 2011).
3.2 Cluster radius and radial stellar surface density
Since the studied open clusters show no noticeable cen-
tral concentration except Platais 1 with little central
concentration, we were only able to estimate the stel-
lar density profile for Platais 1 using stars with magni-
tudes brighter than the photometric completeness limit,
V = 17 mag. The central coordinates of the cluster
were assumed to be as given in the WEBDA database5
(α2000.0 = 21
h30m02s, δ2000.0 = +48
◦58′36′′). The stel-
lar density values for the main-sequence sample of the
cluster have been evaluated in 1 arcminute steps. The
last two annuli had a width of 2 arcmin because of a
significant decrease in the number of stars (see, Fig. 4).
5http://webda.physics.muni.cz
6Table 5 Mean errors of the photometric measurements for the stars in the directions of five open clusters. N represents
the number of stars within the V apparent magnitude range given in the first column.
Dolidze 36 NGC 6728 NGC 6800 NGC 7209 Platais 1
V range N σV σU−B σB−V N σV σU−B σB−V N σV σU−B σB−V N σV σU−B σB−V N σV σU−B σB−V
(8, 10] 7 0.001 0.002 0.001 1 0.002 0.002 0.002 — — — — 3 0.001 0.002 0.001 — — — —
(10, 12] 21 0.002 0.003 0.002 24 0.007 0.022 0.009 19 0.002 0.002 0.002 47 0.002 0.002 0.002 11 0.002 0.003 0.002
(12, 14] 78 0.004 0.014 0.008 133 0.013 0.050 0.016 72 0.004 0.011 0.007 110 0.004 0.007 0.005 74 0.006 0.018 0.010
(14, 16] 377 0.003 0.010 0.005 735 0.006 0.029 0.008 409 0.004 0.014 0.006 348 0.004 0.007 0.005 404 0.014 0.036 0.024
(16, 18] 1351 0.009 0.039 0.016 3048 0.021 0.093 0.026 2157 0.014 0.045 0.020 1208 0.012 0.023 0.016 837 0.043 0.097 0.090
(18, 20] 1895 0.029 0.108 0.054 4155 0.054 0.192 0.067 5153 0.048 0.122 0.074 1539 0.036 0.075 0.049 18 0.107 0.210 0.221
(20, 22] 5 0.076 — 0.152 3 0.186 0.184 0.202 268 0.117 0.224 0.181 20 0.095 0.289 0.144 — — — —

Fig. 3 Comparisons of observational magnitudes and colours with those calculated from SDSS DR12 (Alam et al. 2015).
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Fig. 4 Stellar density profile of Platais 1. Errors were de-
termined from sampling statistics,
√
N , whereN is the num-
ber of stars used in the density estimation.
We fitted the King (1962) model to the observed
radial density profile and used a χ2 minimization tech-
nique to determine structural parameters. The best
fit to the density profile is shown with a solid line in
Fig. 4. We found the central stellar density, core ra-
dius of the cluster, and the background stellar density
as f0 = 2.43 ± 0.25 stars arcmin
−2, rc = 2.10 ± 0.75
arcmin and fbg = 2.16 ± 0.27 stars arcmin
−2, respec-
tively.
Turner et al. (1994) estimated the stellar density
profile of Platais 1 for the limiting R-band magnitude
17, using a photographic enlargement of the Palo-
mar Observatory Sky Survey (POSS) E-plate. They
only reported the background stellar density as fbg =
4.38±0.13 stars arcmin−2. To infer their central stellar
density and core radius of the cluster, we digitized val-
ues of their density profile from their figure and then
fitted them with the King model (King 1962). As a
result, the central stellar density and the core radius
of the cluster were found as f0 = 3.25 stars arcmin
−2
and rc = 3.20 arcmin, respectively. The core radius of
the cluster is in agreement with the one in Turner et al.
(1994) within the quoted error, but the other parame-
ters are a little different from each other. The reason
for this incompatibility may be due to the data taken
7in different bands, effecting the number of stars used
for the estimation.
3.3 CMDs and membership probabilities
CMDs are robust tools to determine the parameters of
the open clusters. However, in order to be able to use
CMDs as tools to determine physical parameters of the
clusters one should first make sure that the stars in
the diagram are actual members of the cluster in ques-
tion. Therefore, a process to determine the membership
probabilities (P ) of each star in the field is necessary.
We calculated this membership probability of all the
objects in the field of view using the method given by
Balaguer-Nu´nez et al. (1998). This method takes into
account the errors of the stellar proper motions as well
as the average cluster proper motion, and uses the ker-
nel estimation technique to obtain distribution of the
data.
PPMXL (Roeser et al. 2010) and UCAC4 (Zacharias et al.
2013) are the most often used catalogues of positions
and proper motions. PPMXL is the largest catalogue
containing about 900 million objects reaching apparent
magnitudes down to V = 20. The UCAC4 is a more
recent and precise catalogue containing about 113 mil-
lion stars reaching magnitudes down to R = 16. In
this study we collect proper motion components of
individual stars from the PPMXL due to the mag-
nitude limit and the larger number of stars. In or-
der to check the used proper motions with those from
the literature, we calculated the differences of the ab-
solute proper motions for all five cluster to the val-
ues listed in Kharchenko et al. (2013). The differences
range from 1.7 to 5.4 mas yr−1 which is well within the
error ranges of the individual proper motions. Conse-
quently, we found excellent agreement with those of the
algorithm published by Javakhishvili et al. (2006). We
calculated the mean and median of the differences of
both methods which range between 7 and 12% for the
five open clusters. This excellent agreement is likely
due to the distance of the clusters (d > 1 kpc) at
which both algorithm easily find non-members because
of their much larger proper motions than the cluster
members. The histogram of the differences efficiently
discriminates the members of the cluster from the non-
members. In order to identify the most likely members
of each cluster, we fitted the zero-age main sequence
(ZAMS) of Sung et al. (2013) for solar metallicity to
the V × (B − V ) CMDs using only the main-sequence
stars with P ≥ 50%. Although all stars with P ≥ 50%
in the field of view show a large scatter in CMDs (or-
ange crosses in Fig. 5), the method is efficient in de-
termination of main sequence of the clusters. We also
shifted the fitted main sequence to brighter V magni-
tudes to take into account the effect of binary stars
(see Fig. 5). Finally, we assumed that the stars with
P ≥ 50% within this band-like region are the most
likely main-sequence members of the clusters. The red
dots outside the main-sequence band in Fig. 5 indicate
that some stars with P ≥ 50% have already left the
ZAMS. These stars correspond to the turn-off points of
the clusters. We assume that these objects are likely
members of the clusters, as well. For further analysis,
we considered the stars identified with this procedure
for each cluster.
4 Astrophysical parameters of the clusters
The determination of astrophysical parameters by using
methods that are independent of each other has been
successfully applied in many of our previous studies
(Bilir et al. 2010; Bostancı et al. 2015; Ak et al. 2016;
Bilir et al. 2016). In this section, astrophysical parame-
ters of the five open clusters, such as reddening, metal-
licities, distance moduli and ages, are determined via
fitting models to the observed data points selected fol-
lowing the method described in Section 3.3.
4.1 The reddening
We used the TCD constituted from the most probable
main-sequence stars, in order to derive the colour excess
of each cluster. We compared the (U − B) × (B −
V ) TCD of these stars with the ZAMS of Sung et al.
(2013) for solar metallicity using the following equation
(Garcia et al. 1988)
E(U −B) = 0.72×E(B − V ) + 0.05×E(B − V )2, (1)
and estimated the E(B − V ) and E(U −B) colour ex-
cesses by shifting de-reddened ZAMS curve with steps
of 0.01 mag within the range 0 < E(B − V ) ≤ 1 mag
until the best fit is achieved with the TCD of each clus-
ter as shown in Fig. 6. We took into account stars with
σU−B < 0.1 mag for Dolidze 36, NGC6728, NGC 6800,
and NGC7209, and σU−B < 0.06 mag for Platais 1. Re-
sults are given in Table 6. The errors were calculated
by shifting the best fit curve for ±1σ.
4.2 Metallicities of the clusters
We measured the photometric metallicity of the clusters
following a method based on F-G type main-sequence
stars (Karaali et al. 2011). Therefore, we considered
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Fig. 5 V × (B−V ) CMDs of the five clusters. Solid lines represent the ZAMS of Sung et al. (2013) and the one shifted to
the brighter V magnitudes for taking into account binary stars. Red dots indicate the most probable cluster stars within
this band-like region while orange crosses represent the stars with P ≥ 50% in the field of view.
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Fig. 6 (U −B)× (B − V ) TCDs for the main-sequence stars for each cluster. Red dashed lines are the reddened ZAMS
of Sung et al. (2013) fitted to cluster stars and green solid lines represent ±1σ standard deviations, respectively.
F0-G0 spectral type main-sequence stars with a mem-
bership probability P ≥ 50% and with colours 0.3 ≤
(B − V )0 ≤ 0.6 mag (Cox 2000). We selected six stars
in Dolidze 36, and NGC6728, 12 stars in NGC 6800, 13
stars in NGC7209, and 10 stars in Platais 1.
For this method we first need to calculate normalised
ultraviolet (UV) excesses, which is the difference be-
tween a star’s de-reddened (U − B)0 colour index and
the one corresponding to the members of the Hyades
cluster with the same de-reddened (B − V )0 colour in-
dex (δ = (U−B)0,H−(U−B)0,S , where H and S denote
to Hyades and star, respectively). Thus, we calculated
the normalised UV-excesses of member stars for each
cluster and normalised their δ differences to the UV-
excess at (B − V )0 = 0.6 mag (i.e. δ0.6). The distribu-
tions of normalised δ0.6 UV-excesses were fitted with a
Gaussian function and we adopt the Gaussian peak as
result for each cluster. The (U −B)0× (B−V )0 TCDs
and histograms of the normalised δ0.6 UV-excesses of
the selected stars are shown in Fig. 7. The standard
deviation of the metallicity distribution for each clus-
ter was assumed as the uncertainty of the metallicity.
The [Fe/H] metallicity for each cluster was calculated
from the following equation (Karaali et al. 2011):
[Fe/H] = 0.105− 3.557× δ0.6 − 14.316× δ
2
0.6. (2)
To transform the [Fe/H] metallicities to the mass
fraction Z of all elements heavier than helium, we used
the following equations from Bovy who obtained them
analytically using PARSEC isochrones 6:
ZX = 10
[Fe/H]+log
(
Z⊙
1−0.248−2.78×Z⊙
)
, (3)
and
Z =
(ZX − 0.2485× ZX)
(2.78× ZX + 1)
. (4)
Here, ZX is the intermediate operation function de-
pending on [Fe/H] and the solar mass fraction is taken
as Z⊙ = 0.0152 (Bressan et al. 2012). Resulting Z
value for each cluster is presented in Table 6.
6https://github.com/jobovy/isodist/blob/master/isodist/
Isochrone.py
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Fig. 7 (U − B)0 × (B − V )0 TCDs (upper panel) and the histograms (lower panel) for the normalized UV-excesses for
main-sequence stars used for the metallicity estimation of five open clusters. The solid lines in the upper and lower panels
represent the main-sequence of Hyades cluster and the Gaussian fit to the histogram, respectively.
4.3 Distance moduli and the ages of the clusters
Using the reddening and metallicity values that we cal-
culated above, we employed the isochrone fitting pro-
cedure to simultaneously obtain distance moduli and
ages of the five open clusters. We shifted the theo-
retical isochrones provided by the PARSEC V1.2 syn-
thetic stellar library (Bressan et al. 2012; Tang et al.
2014; Chen et al. 2014) onto observed V × (U −B) and
V × (B − V ) CMDs, respectively. Fig. 8 shows CMDs
of each cluster overplotted with the best fit theoreti-
cal isochrones. In the V × (B − V ) CMD of Dolidze 36
(Fig. 8), some stars with most likely membership lo-
cated in the 0.4 < B − V < 0.6 and 11 < V < 13
magnitudes are not fitted well with the isochrone. The
reason for this could be that these redder stars are bi-
nary stars.
We assumed the standard selective absorption coef-
ficient as RV = 3.1 (Schultz & Wiemer 1975) for the
distance calculation. We considered the errors in dis-
tance moduli of the clusters for the determination of
errors in the distances (see also, Carraro et al. 2017).
We listed the resulting distance moduli, distances and
ages of the clusters in Table 6.
4.4 Mass functions of the clusters
Mass function (MF) indicates the relative number of
stars in a unit range of mass and denotes the rate of
star formation based on stellar mass. Considering the
most likely main-sequence members of the open clus-
ters in this study, we first calculated MV of each star
using the distance moduli and V magnitudes. We then
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Fig. 8 V × (U −B) and V × (B − V ) CMDs for the five open clusters. Red circles denote the most probable members of
each cluster. Blue lines are the best fit theoretical isochrones determined in this study. The green dashed lines represent
the isochrones with estimated age plus/minus its error.
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Table 6 Colour excesses (E(B − V )), distance moduli (µV ), distances (d) iron abundances ([Fe/H]) metallicities (Z) and
ages (t) estimated using two CMDs and TCDs of each cluster.
Cluster E(B − V ) µV d [Fe/H] Z t
(mag) (mag) (pc) (dex) (Myr)
Dolidze 36 0.19±0.06 10.70±0.19 1050±90 0.00±0.09 0.0152±0.0036 400±100
NGC 6728 0.15±0.05 11.50±0.25 1610±190 0.02±0.11 0.0159±0.0042 750±150
NGC 6800 0.32±0.05 11.40±0.26 1210±150 0.03±0.07 0.0162±0.0027 400±100
NGC 7209 0.12±0.04 10.50±0.18 1060±90 0.01±0.08 0.0154±0.0032 600±100
Platais 1 0.43±0.06 12.50±0.29 1710±250 0.01±0.08 0.0154±0.0032 175±50
convertedMV to mass values using the best fit theoret-
ical PARSEC isochrones for each cluster. Fig. 9 shows
MFs of the five open clusters. We derived the slope
x of mass function from the following linear relation:
log(dN/dM) = −(1+x)× log(M)+C, where dN indi-
cates the number of stars in a mass bin dM with central
mass of M , and C is a constant. We give the resulting
values for the slopes of MFs for each cluster in Table 7.
4.5 Integrated magnitudes and colours of the clusters
We used the following equation to convert apparent
magnitudes and absolute magnitudes in UBV pass-
bands to flux values for the stars with the membership
probability P > 0% in order to not to miss member
stars of open clusters and then summed flux of all these
stars to obtain U , B, V , andMV integrated magnitudes
(I(m)) of the clusters:
I(m) = −2.5× log
[∑
i
(10−0.4×mi)
]
. (5)
From reddening and distance moduli values (see Ta-
ble 6), we calculated the integrated magnitude, colours,
and absolute magnitude of each cluster and listed them
in Table 8.
Lata et al. (2002) found relations between integrated
parameters and ages using 352 open clusters. We also
calculated the integrated I(B − V )0 and I(MV ) values
with their relations given below:
I(B − V )0 = 1.99− 0.79× (log t) + 0.07× (log t)
2, (6)
Table 7 The slopes of the mass functions of clusters.
Cluster N x Mass range
Dolidze 36 122 -1.39±0.91 0.7 < M/M⊙ < 1.7
NGC 6728 182 -1.58±0.61 0.7 < M/M⊙ < 1.9
NGC 6800 110 -1.58±0.50 0.7 < M/M⊙ < 1.9
NCG 7209 60 -1.31±0.35 0.7 < M/M⊙ < 1.8
Platais 1 40 -1.49±0.59 1.3 < M/M⊙ < 2.1

Fig. 9 Mass functions of clusters determined from the stars
with the membership probability P ≥ 50%.
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I(MV ) = −36.53 + 6.90× (log t)− 0.36× (log t)
2, (7)
where t indicates the age of the cluster. All in all, when
we compare our integrated colour and absolute magni-
tudes calculated from the stars located in the direction
of clusters with those calculated using Eqs. (6) and (7)
from Lata et al. (2002), we see that they are in good
agreement except Dolidze 36, as seen in Table 8. When
we look over the large samples of Lata et al. (2002), a
few of them have similar colour and absolute magnitude
values with Dolidze 36. These values are in the scat-
tered region of Fig. 4 given by Lata et al. (2002), since
Dolidze 36 has fainter and redder magnitudes than the
other clusters. The most likely reason is that, in a clus-
ter, as the massive stars evolve the dynamical evolution
produces mass segregation (Nilakshi et al. 2002).
5 Discussion and Conclusions
This work presents the fundamental parameters of five
open clusters, namely Dolidze 36, NGC 6728, NGC
6800, NGC 7209, and Platais 1, obtained from CCD
UBV observations, which were analysed in detail. As-
trometric data were used to calculate the membership
probabilities of the stars in the field of view of each clus-
ter. We took into account the most probable member
stars of the clusters to determine precisely the astro-
physical parameters of each cluster.
Simultaneous determination of astrophysical param-
eters by fitting the theoretical stellar evolutionary
isochrones to the observed CMDs can suffer from the
reddening-age degeneracy (Anders et al. 2004; King et al.
2005; Bridz´ius et al. 2008; de Meulenaer et al. 2013;
Janes et al. 2014). Therefore, we independently found
the parameters of the clusters. The distances and ages
of the clusters were derived by fitting TCDs and CMDs
with the theoretical PARSEC models (Bressan et al.
2012) while metallicities of the clusters were obtained
using the method given by Karaali et al. (2011), based
on F0-G0 spectral type main-sequence stars (Cox 2000).
This strategy allows us to reduce in part the effect of
the reddening-age degeneracy on the parameters. Re-
sults of the cluster parameters are given in Table 6. As
specified before, the clusters in our sample have only a
few studies in the literature. Previous results are listed
in Table 1.
5.1 Dolidze 36
The reddening, the distance modula, the distance, the
metallicity and the age of Dolidze 36 were obtained
as E(B − V ) = 0.19 ± 0.06 mag, µV = 10.70 ± 0.19
mag, d = 1050 ± 90 pc, [Fe/H]=+0.00±0.09 dex, and
t = 400 ± 100 Myr, respectively. Dolidze 36 is one of
the clusters poorly studied in literature. Our reddening
value agrees within the quoted errors with the value in
the catalogue given by Kharchenko et al. (2005). How-
ever, our distance is larger and age is somewhat younger
when comparing those from Kharchenko et al. (2005).
5.2 NGC 6728
The reddening, the distance modula, the distance, the
metallicity and the age of NGC6728 were determined
as E(B − V ) = 0.15 ± 0.05 mag, µV = 11.50 ± 0.25
mag, d = 1610 ± 190 pc, [Fe/H]=+0.02±0.11 dex,
and t = 750 ± 150 Myr, respectively. There is only
one previous study for the cluster by Kharchenko et al.
(2005), who determined cluster parameters using the
isochrones with solar metallicity (Z = 0.019) in their
catalogues. Our values for reddening and age agree
within the quoted errors, but the distance modula and
the distance from this study are slightly larger than
their results (see Table 1).
5.3 NGC 6800
The reddening, the distance modula, the distance, the
metallicity and the age of NGC6800 are E(B − V ) =
0.32 ± 0.05 mag, µV = 11.40 ± 0.26 mag, d = 1210 ±
150 pc, [Fe/H]=+0.03±0.07 dex, and t = 400 ± 100
Myr, respectively. Ananjevskaja et al. (2015) studied
NGC6800 comprehensively using photographic plates
from the Pulkovo “Fantasy” automated measuring sys-
tem and point source catalogue (Cutri et al. 2003) of
Two Micron All Sky Survey (2MASS, Skrutskie et al.
2006). They obtained the parameters of the cluster
from 109 member stars in V ×(B−V ) and J×(J−KS)
CMDs. Our results do not seem to be in agreement with
their results. Their reddening value is slightly larger
then ours while the distance modula, distance and age
are smaller then our results. The difference could be
attributed to the quality of their data (photographic
plates) and the method they used. Kharchenko et al.
(2005) gave the parameters of the cluster in their cat-
alogue, as well. Only the age of the cluster is in good
agreement with our value.
5.4 NGC 7209
The reddening, the distance modula, the distance, the
metallicity and the age of NGC7209 were found as
E(B−V ) = 0.12±0.04mag, µV = 10.50±0.18mag, d =
1060±90 pc, [Fe/H]=+0.01±0.08 dex, and t = 600±100
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Table 8 Integrated absolute magnitudes and colours of the clusters.
This study Lata et al. (2002) Differences
Cluster I(V0) I(U −B)0 I(B − V )0 I(MV ) I(B − V )0 I(MV ) ∆I(B − V )0 ∆I(MV )
Dolidze 36 6.713 0.279 0.811 -3.398 0.374 -3.814 0.437 0.416
NGC 6728 7.337 0.220 0.511 -3.699 0.492 -3.648 0.019 -0.051
NGC 6800 6.588 -0.037 0.320 -3.819 0.374 -3.814 -0.054 -0.005
NGC 7209 6.470 0.177 0.362 -3.657 0.449 -3.701 -0.087 0.044
Platais 1 7.090 0.037 0.329 -4.077 0.234 -4.114 0.095 0.037
Myr, respectively. NGC7209 has a number of previ-
ous studies (Kharchenko et al. 2005; Vansevicius et al.
1997; Malysheva 1997; Twarog et al. 1997; Lynga 1987;
Claria et al. 1996; Piatti et al. 1995). We summa-
rized early works in Table 1. Our reddening value
is in agreement within the quoted errors with those
of Kharchenko et al. (2005), Lynga (1987) Claria et al.
(1996), and Piatti et al. (1995), but somewhat smaller
than the value reported by Vansevicius et al. (1997),
Malysheva (1997), and Twarog et al. (1997). Distance
modula and distance in our study agree with the values
from previous studies. On the other hand, we found the
age of the cluster older than those in the literature. Our
metallicity value agrees within the quoted errors with
the value given by Twarog et al. (1997), but it is larger
than those of Vansevicius et al. (1997) and Piatti et al.
(1995).
5.5 Platais 1
The reddening, the distance modula, the distance, the
metallicity and the age of Platais 1 are E(B − V ) =
0.43±0.06 mag, µV = 12.50±0.29 mag, d = 1710±250
pc, [Fe/H]=+0.01±0.08 dex, and t = 175± 50 Myr, re-
spectively. This is the youngest cluster with the largest
reddening value at the farthest distance in our sam-
ple. There is only one photometric study on the cluster
(Turner et al. 1994). The astrophysical parameters of
the cluster in our study are well consistent with those
from Turner et al. (1994) while the structural parame-
ters are slightly in agreement.
Our sample consists of young open clusters (a mean
value of ∼ 500 Myr), which corresponds to an aver-
age time scale for dynamics to have not influence upon
the IMF of the stellar systems (Sagar & Griffiths 1998;
Sagar et al. 2001). Therefore, we can assume that MF
of the clusters could be equivalent to their IMF. We
derived the slopes of the mass functions for the mem-
ber stars of each cluster, which have mass values rang-
ing from 0.7 to 2.1 M/M⊙. The MF slopes of the five
open clusters vary between 1.31 and 1.58 (see Table 7),
which are comparable to the value of 1.35 reported by
Salpeter (1955) within the quoted errors. Additionally,
our calculations for integrated absolute magnitudes and
colours are in agreement with those derived using rela-
tions of Lata et al. (2002).
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